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TRW/Space Technology Laboratories was contracted by the

George C. Marshall Space Flight Center to provide A Portion of the

Airborne Range and Orbit Determination System.

This final report documents and summarizes the results of the

entire contract work performed during the development3 fabrication3

assembly and test of the Vehicle Master Oscillator and Frequency

Synthesizer (Volume I) and the Vehicle Tracking Transmitter (Volume II).

The report is divided into two volumes to facilitate its use as a work-

ing document and to permit the issuance of the pertinent data as soon

as possible after the delivery of each unit.
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1. VEHICLE MASTER OSCILLATOR AND FREQUENCY SYNTHESIZER

5-

i.i Function of Equipment

The Vehicle Master Oscillator and Frequmncy Synthesizer (MOFS)

is the source of all signal frequencies required in the vehicleborne

portion of the AROD system. It is an all solld-state unit consisting

of a highly stable Master Oscillator and appropriate coherent frequency

synthesizing circuitry to derive the specified frequencies. The MOFS

provides five signal frequency outputs to the Vehicle Tracking Transmitter,

eight to the Vehicle Tracking Receiver, five to the Range Data Extraction

equipment, two to the Frequency Monitor, and one each to the Vehicle

Command Transmitter and TimlngUnit. In addition to its generation

function, the frequency synthesizing portion of the equipment will

accept four range tones from the Range Data Extraction equipment for

subsequent frequency translation preparatory to modulating the Vehicle

Tracking Transmitter.

Figure 1 is a view of the MOFS chassis as seen from the front.

1.2 Description of E_ui_ment

The Master Oscillator is the prime frequency source for the fre-

quency synthesizer and all output frequencies are coherently derived from

it. Hence, they possess excellent frequency stability, minimizing re-

ceiver acquisition problems and doppler and timing errors. The Master

Oscillator operates at a frequency of 2.3420000 MHz with a frequency

accuracy of better than 1 part in lO7 due to temperature,* and 1 part

in lO9 per day due to aging. The short term stability was not measured

but comparison with other oscillators possessing similar characteristics

indicates a short term stability of 1 part in l0ll.

The frequency synthesizer performs a sensitive and critical function

when used in conjunction with a phase lock receiver. As such a receiver

has a low threshold sensitivity due to its narrowband character, the

spectral purity of the synthesizer outputs must be high to prevent spurious

The Master Oscillator in the first deliverable Master Oscillator and

Frequency Synthesizer had an accuracy of 0.20 parts in l07 over the

temperature range of -lO°C to +75°C. The long term frequency drift
was better than i part in 109.
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or false lock. Hence, the employment of careful filtering methods in

the synthesizer is mandatory to ensure adequate suppression of the

extraneous outputs. Secondlys when employing CW ranging techniques

extreme care must be exercised to avoid inducing phase fluctuations

attributable to temperature or aging effects. Hencej temperature

stabilization is needed in the range tone Eeneratlon circuitry to mini-

mize this type of error.

The synthesizer provides 22 outputsj distributed as follows_ to

various sections of the vehicleborne portion of the AROD system:

Vehicle Trackin_ Transmitter

(a) eover

(Ranging Tones)

(Transmitter Carrier)

(b) I_ce
(e) Frequency

(Rar_ing Tones)

(Transmitter Carrier)

(d) Connector

(e) Number of Connectors

i0 dbm +i db

-1.25 db

i0 dbm +I db
el

50 ohms

I 2.3_2ooo

2.340892 M_

z.3_o82o MHz
2.268812 MHz

71.138z5 MHz

Type TNC

5

Vehicle Trackin_ Receiver

(a) Power

2114.826MHz

14o.52oo_

All Others

(b) _ance
(e) Frequency

(d) Connector

211_.826HHz

All Others

(e) Number of Connectors

-3-

_.25 dbm +i.0 db

i0 dbm +1.25 db
-i.0 db

i0 dbm +i.0 db

50 ohms

_AD_.83 HHz
12.6_6800
1_.O5_000MHz
19.438600 MHz

zo.8_38ooMHz
70.260000M_

Type N

Type TNC
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Range Data Extraction Equipment

(a) Power

(b) Impedance

(c) Frequency

(d) Connector

(e) Number of Connectors

i0 dbm +i.0 db

50 ohms

2_342OOO MHz
73.1875 KHz

2.2871 KHz

71.47 Hz
4.684ooo MHz

Type TNC

Vehicle Command Transmitter

(a) Power lO dbm +l.O db
m

(b) Impedance 50 ohms

(c) Frequency 68.997516 MHz

(d) Connector Type TNC

(e) Number of Connectors 1

Timing Unit

(a) Power lO dbm +l.O db

(b) Impedance 50 ohms

(c) Frequency 200 KHz

(d) Connector Type TNC

(e) Number of Connectors 1

Frequency Monitor

(a) Power

lOOKHz 13 dbm +l db

-1.5 db

2.342 MHz 13 dbm +i db
m

(b) Impedance 50 ohms

(c) Frequency lO0 KHz
2.342 MHz

(d) Connector Type BNC with cap

(e) Number of Connectors 2

The synthesizer will accept ranging tones with the following

characteristics from the Range Data Extraction Equipment:
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(a) Power

(b) Impedance

(c) Frequency

(d) Connector

(e) Number of connectors

i0 dbm +i.0 db
m

50 ohms

2.342000 MHz

73 1875 KHz
_.2871 KHz

71.47 Hz

Type TNC

4

In addition to the above signal outputs there are five Test and

Monitoring Points (_{P's) built into the equipment which provide DC

voltages to indicate the presence or absence of the Master Oscillator

signal and the four range tones. The TMP's voltages are available at

the rear of the chassis via a Bendix Pygmy connector. Test points are

indicated for monitoring the following signals:

(a) Master Oscillator outputs

(b) Frequency Synthesizer outputs

(c) Frequency Determination Module outputs

(d) Timing Synthesizer outputs

(e) X32 Multiplier output

(f) Power supply voltages to each module.

The MOFS circuitry is operated from three power supplies providing

regulated outputs at +18 volts DC_ -6 volts DC, and +24 volts DC when

connected to a ll5 volt AC3 60 cps input. Each module is decoupled

from the power supply to prevent mutual coupling through common power

supply impedances. The nominal currents drawn from the power supplies

are as follows:

+24 v - 5o ma

+18 V - 600 ma

-6 v - 4o0 ma.

The total power dissipated in the MOFS is nominally 70 volt-amperes.
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Panel controls and indicator lights are provided for the following

functions:

(a) AC Power - Toggle switch to turn the unit ON and OFF and

a pilot lamp indicating when power is ON.

(b) Oven Power - Toggle switch to turn the Master Oscillator oven

power ON and OFF and a pilot lamp to indicate

when the oven power is ON.

(c) Power Supply Current - A three position rotary switch and

associated meter to measure the current drain on

each of the three supplies.

(d) Range Tone Selector - Two position rotary switch to select

either internally generated or externally gener-

ated range tones.

(e) Range Tone Phase Adjustor - A group of four rotary switches

and vernier controls to adjust the range tone

phase through 360 °.

(f) Frequency Monitor - Two pilot lamps to indicate the presence

of theMaster Oscillator and lO0 KHz outputs to

the Frequency Monitor.

The MOFS is designed to be mounted in a standard 19-inch relay rack.

Its overall dimensions measured behind the panel are 17 inches wide by

8-1/8 inches high by 20 inches deep. An additional 2-5/8 inches is

needed in the front for the panel3 handles and panel hardware. The MOFS

consists of 22 modules of circuitry, three power supplies and the Master

Oscillator with its oven. Twenty of the modules, located on the top of

the chassis, are identical in physical dimensions and possess common

mounting provisions. The other two are mounted on the underside of the

main frame. The former modules have five separate compartments to

isolate individual circuits from each other. Also3 each module has

cover plates to shield the circuitry in one module from the adjacent ones.
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The modules can be unbolted and lifted out for servicing without re-

moving any of the power or signal wiring. Photographs of typical

modules appear in Figure 2.

The unit weighs 95 pounds and is mounted on chassis slides for

ease of maintenance.

A complete listing of the modules is given in the following

tabulation:

Unit Number

A-If200

A-11300

A-ll301

A-11302

A-11303

A-i1304

A-I1305

A-I1306

A-I1307

A-II400

A-11401

A-II500

A-IISOI

A-I1502

A-11600

A-11601

A-11700

A-11701

A-11800

A-ll801

A-IIgO0

Title

Oscillator Assy., Vehicle Master

Module Assy., Main Frequency Synthesizer, No. 1

Module Assy., Main Frequency Synthesizer, No. 2

Module Assy., Main Frequency Synthesizer, No. 3

Module Assy., Main Frequency Synthesizer, No. 4

Module Assy., Main Frequency Synthesizer, No. 5

Module Assy., Main Frequency Synthesizer, No. 6

Module Assy., Main Frequency Synthesizer, No. 7

Module Assy., Main Frequency Synthesizer, No. 8

Module Assy., Main Frequency Synthesizer, No. 9

Module Assy., Main Frequency Synthesizer, No. l0

Module Assy., Time Synthesizer, No. 1

Module Assy., Time Synthesizer, No. 2

Module Assy., Time Synthesizer, No. 3

Module Assy., Frequency Determination, No. 1-A

Module Assy., Frequency Determination, No. 1-B

Module Assy., Frequency Determination, No. 2-A

Module Assy., Frequency Determination, No. 2-B

Module Assy., Frequency Determination, No. 3-A

Module Assy., Frequency Determination, No. 3-B

Module Assy., X32 Multiplier

Power Supply, +24 v d-c, Technipower S-23.3-0.75A-P

Power Supply, +18 v d-c, Technipower S-17.5-1.5A-P

Power Supply, -6 v d-c, Technipower S-6.0-1.5A-P
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Figure 2. TyplcaJ. Modules in the MOF'S 
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1.3 Theory of Operation

The _ster Oscillator and Frequency Synthesizer provides a number

of signal frequencies for use throughout the vehicleborne portion of the

AROD system. This is accomplished by synthesizing all of the output

frequencies from a very stable Master Oscillator.

1.3.1 Block Dia_ramAnalysis

A block diagram of the Master Oscillator and Frequency Syn-

thesizer is shown in Figure 3. It is partitioned by broken lines into

areas which correspond to the circuitry contained in the various enum-

erated modules. Output signals with their respective power levels are

shown near the associated output connector. Test Points are indicated

by AXTPX and Test and Monitoring Points by J27-X(TMP). Some internal

signal paths have been shown with letters at each end in order to eliminate

confusing lines.

The Master Oscillator, operating at 2.342 MHz, is located in

the upper left corner of the block diagram in Module All200. It possesses

a long term stability better than 1 part in l07 due to temperature and

1 part in lO 9 per day due to aging after a suitable warmup period. Any

spurious outputs from the oscillator are suppressed greater than 60 db

below the rated output. A buffer amplifier is used following the oscil-

lator to minimize the effects of load variation on frequency stability

and ensure good isolation between the oscillator and its load. The

amplifiers and power dividers distributing the 2.342 MHz oscillator signal

to the various output ports and internal circuits are fed by a driver

amplifier.

The signal from the power distribution network used to

synthesize the untranslated ranging tones is fed to Module All301 where

it is divided down to successively lower frequencies, with the first

division being a division by 4 to obtain a 0.5855 MHz signal for subse-

quent use by the Frequency Determination Modules. The latter signal

frequency is then divided by 8 to get 73.1875 MHz for internal use and
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as an output to the Range Data Extraction Equipment. The 73.1875 KHz

is subsequently divided by 4 for use in the Frequency Determination

Modules as well as being sent to Module All400 where it is further

divided by 8, giving 2.28711 KHz. This signal is employed internally

as well as being sent to the Range Data Extraction Equipment. Lastly,

the 2.28711 KHz signal is divided by 32 to obtain 71.47 Hz for use by

the Range Data Extraction Equipment and within the synthesizer.

Module All307, down in the middle of the block diagram,

contains a chain of multipliers. The input signal at 2.342 MHz is

doubled to supply 4.684 MHz to the Vehicle Tracking Receiver and the

Range Data Extraction Equipment as well as for subsequent use in-

ternally. This signal is next tripled to realize 14.052 MHz for use

within the synthesizer and Vehicle Tracking Receiver. The 14.052 MHz

is multiplied by 5 to supply 70.26 MHz to the Vehicle Tracking Receiver.

Further multiplication by 2 yields the 140.52 MHz also needed by the

Vehicle Tracking Receiver. Each signal is individually filtered and

the power distributed in circuitry designed to minimize cross coupling

between circuits receiving a common frequency.

To the lower left, in Module All306, the 2.342 MHz is multi-

plied by 25 in two stages of qulntuplers to obtain 58.55 MHz for use by

the Frequency Determination Modules.

At the middle left, in Module All305, the 2.342 MHz is

divided by 5 and the resultant multiplied by 3 to obtain a frequency of

1.4052 MHz. The 1.4052 MHz is then divided by 2 and the 702.6 KHz signal

is used as one input to a mixer. The other input to the mixer is the

4.684 MHz signal from the multiplier chain in Module All307. The sum

output from this mixer is employed as an input to a second mixer in

Module All306 which has as its other input, the 14.052 MHz from the

multiplier chain in Module All307. The sum output of the latter mixer

becomes the 19.4386 _z signal for the Vehicle Tracking Receiver. It is

further mixed with the 1.4052 MHz signal in Module All306 to yield the

20.8438 MHz output to the Vehicle Tracking Receiver. The 1.4052 MHz signal
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from Module All305 is also mixed with the 14.052 MHz from the multi-

plier chain in Module All307 and the difference frequency becomes the

12.6468 MHZ supplied to the Vehicle Tracking Receiver.

At the lower center of the block diagram are four inputs

from the Range Data Extraction Equipment and a switch to select either

these or their equivalents generated within the synthesizer. The

modulating frequencies sent to the Vehicle Tracking Transmitter are

synthesized from these four frequencies in the following manner. First

the 71.47217 Hz and th_ 2.28711 KHz signals are mixed in Module All401.

The sum and difference frequencies are separated and divided by 2

yielding two frequencies near 1 KHz and separated by 71.47 Hz. Each

of these signals is mixed with the 73.1875 KHz in Module All302 and

the difference frequencies sent to a mixer in Module All303. Here

they are mixed with the 2.342MHz signal and the sum frequencies are

sent to the following mixer where they are again mixed with the

73.1875 KHz providing the desired outputs at 2.34082 MHz and 2.34089 MHz.

These signals, after being phase corrected by the phase shifters 2_3 and

2_2, are sent to the VehlcleTracking Transmitter. The 2.342 MHz and

the 73.1875 KHz are mixed in Module All303 and the difference frequency,

2.2688 MHz, after passing through the phase shifter, 2_4' is then sent

to the Tracking Transmitter. After phase adjustment in 2_1, the 2.342 MHz

signal is sent to the phase modulator in the Vehicle Tracking Transmitter.

The 100 KHz and 200 KHz signals are synthesized in Modules

AllSO0, AllSOl, All502 and All503. The 2.342 MHz is fed to a mixer with

2 MHz as the other input in Module AllSO0. The 0.342 MHz difference

frequency is fed to a second mixer which has a second input at 300 KHz.

The difference frequency is sent to a third mixer which has a 40 KHz

signal as a second input. The difference frequency, 2 KHz, is multi-

plied by 5 to get lO KHz which is in turn multiplied by 2 to obtain a

20 KHz signal. This is fed to a phase detector whose output is filtered,

amplified and used to control the frequency of a lO0 KHz voltage controlled
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oscillator. The output of this oscillator, after division by 5, is

used as the second input to its controlling phase detector. This

signal is also multiplied by 2 and used as the second input at 40 KHz,

to the last mixer. The lO0 KHz output is also sent to the Frequency

Monitor, a tripler and a doubler. The output of the tripler is used

as an input to the second mixer in Module AllSO1 and the doubler pro-

vides the 200 KHz output signal to the Timing Unit. The 200 KHz

signal is further multiplied by 5 and then by 2 to obtain a 2 MHz

signal for the second input to the first mixer in Module AllSO0.

Acquisition of the phase lock loop is accomplished by a sweep circuit

which drives the integrator between two voltage limits. The resulting

frequency variation of the VC0 is sufficient to accommodate uncertainties

in the VC0 frequency and drift in the integrator.

To the right of the block diagram are three phase lock

oscillator loops and a multiplier chain providing two transmitter

signals and a receiver local oscillator signal. Each of the three

oscillator loops have the same input frequencies, 18.2969 KHz, 73.1875 KHz,

0.5855 MHz, 2.342 MHz and 58.55 MHz. In the first VCO loop, contained

in Modules All600 and All601, the 2.342 MHz is multiplied by 4 to obtain

9.368 MHz for a mixer input. The 73.1875 KHz is multiplied by 6 to

provide 0.439135 MHz for another mixer input and lastly the 18.2969 KHz

signal is multiplied by 3 to obtain 54.8906 KHz3 a phase reference for

the phase detector. The 58.55 MHz input and the VCO output are mixed

and the difference frequency of 10.4475 MHz is impressed on the following

mixer. Here it is differenced with 9.368 MHz to obtain 1.0795 MHz. The

latter signal is mixed with the 0.5855 MHz input to produce 0.4940 MHz.

The latter signal is differenced with 0.4391 MHz in the last mixer to

obtain a second input for the phase detector. The phase detector output

is filtered, amplified and used to control the frequency of the VCO.

The VC0 output, 68.9975 MHz, is supplied to the Vehicle Command Transmitter.

The other two loops operate in a similar fashion with the

synthesizer inputs used to mix the VCO frequency down to a suitable
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reference frequency. The phase of the signal derived from the

oscillator is comparedto the reference and the error used to

correct the oscillator frequency. The middle loop is used to gen-

erate a 71.1383 MHzsignal for the Vehicle Tracking Transmitter.

The lower Frequency Determination unit is employed to drive a series

of multipliers to provide the receiver first local oscillator signal

in the following manner. The oscillator frequency, 66.0883 MHzis

multiplied by 2 and amplified to drive passive varactor multipliers

which multiply it by 16 in two quadrupler stages to reach a signal

frequency of 2114.826 MHzwhich serves as the local oscillator signal

in the Vehicle Tracking Receiver.

The block dlagramis completed with the three power supplies
and their associated current meters.

1.3.2 Circuit Analysis

The circuitry used in the MOFS is all solid-state and,

to the maximum extent possible, devices performing a particular function

such as mixing, amplifying, and filtering are of a common type to mini-

mize the variety of components needed. The following section discusses

circuit design details using simplified schematics and block diagrams.

Complete schematics and layouts of the modules are included in Section 1.6.

1.3.2.1 Master Oscillator

The Master Oscillator consists of an oscillator

stage, a buffer stage, an amplifier, and a bandpass filter. A block

diagram of this subassembly is shown below in Figure 4.

IescillatorHBuffer _AmplifierH _lldpass _ }

lOmw output

harmonics suppressed
60 db or more

Figure 4. Master Oscillator Block Diagram
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• A'T

i

I & R5

2_N_219 • _ _#_--_-+18 V

zc5

i i

r Output

Figure 5- Master Oscillator Simplified Schematic

Figure 5 illustrates the schematic of the oscillator. It

is a feedback type modified Pierce oscillator with the crystal operating

in the series resonant mode. The feedback loop is from the transistor

collector to base. The output from the oscillator itself is taken from

a low impedance point in the loop to minimize frequency fluctuations

due to load variations. Circuit Q is maximized by using just sufficient

drive to make the circuit sustain oscillations. The CO and Ci of the

transistor are swamped by the feedback loop capacity. Low impedances

in parallel with the base and collector of the transistor reduce the

effects of any changes in input or collector impedances, thus minimizing

phase shift caused by the amplifier. To ensure good isolation between
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the oscillator and its load, a high input impedance buffer stage is

employed which lightly loads the oscillator, improving its frequency

stability. The buffer amplifier consists of an emitter follower stage

with an input impedance of about 30 K ohms and an output impedance of

about 400 ohms. A simplified schematic of the buffer amplifier is

shown below in Figure 6. +18 V

_ T I' 219
R1 [

R2

--_ Zin_ 30 K _- ZoN 450 a

Figure 6. Buffer Amplifier Simplified Schematic

The calculated current stability of this circuit is about four. The

buffer stage islocated in the oven with the oscillator circuitry to

stabilize the oscillator load and minimize frequency drift. The oscil-

lator and buffer amplifier power dissipation is kept to a minimum

(approximately 35 mw) to minimize oven control requirements. The supply

voltage is regulated with a low temperature coefficient reference diode.

Following the buffer is a driver amplifier consisting of a two stage

grounded-emitter, tuned amplifier providing an output of lO mw to the

following power divider circuitry.

The required attenuation of all spurious signals at the

Master Oscillator output is at least 60 db below the fundamental. Since

the harmonics from the Master Oscillator itself are only about 30 db

below the fundamental a series tuned filter is installed at the output

of the amplifier to suppress the second and all higher order harmonics

at least 60 db below the fundamental.

-16-



1.3.2.2 Power Divider

The amplifier-power divider circuits are con-

tained in portions of three modules. The circuits are designed to

provide the required power outputs with sufficient isolation between

both the input and other outputs. A total of ll outputs at various

power levels are derived from one 2.342 MHz - lOmw input.

The input signal power for the divider circuits

is obtained from the Master Oscillator driver amplifier. An emitter

follower is used at the input in Module AllSO0-2 to provide isolation

between the input and the output amplifier stages. The emitter follower

drives three amplifier stages, as shown in Figure 7, which are isolated

from each other by resistors in the transistor base circuits. The out-

puts of the amplifiers are connected to double tuned filter circuits

and the filters are isolated from each other by 1 K resistors at the

respective filter inputs. The lOmw and 20 mw outputs each have a

separate amplifier stage to provide additional isolation. Part of the

output of the amplifier stage in AllSO0-1 is connected to Modules

All305-1 and All306-5 by transformers T-4 and T-5. The circuits in

these two modules contain only amplifier stages with the various output

filters. The power for all the outputs can be adjusted by using the

variable coupling capacitors in the filters. Each of these circuits

is adjusted for the power output indicated on the block diagram.

Figure 8 is a schematic of a typical amplifier-power divider. Similar

circuits supply power to the other eight outputs.

1.3.2.3 Typical Circuits

The frequency synthesizer consists of a number of

multipliers, dividers, mixers, amplifiers and filters. Figure 9 illus-

trates a typical circuit arrangement.

The output of the multiplier or mixer is fed to a

wave filter which is driven and terminated in its characteristic impedance.
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Input r

i0 mw-_ EF

(5o_ I

_D- Amplifier

Amplifier r

Filter

Filter

Filter

Filter

2.34 _z

20 mw

2°_ MHz

1C mw

2.3 4 MHz

3mw

2.31.!MHz

2row

Module No. A-I1500-I,-2

r
Amplifier

Module No.

A-I1305-I

Filter

I
I

II
I
I Filter

I
2mw

Amplifier

I

Filter

Filter

2.34 MHz
w

2row

2.3 4 }£_z

2mw

J Amplifier

Module No.

A-I1306-5

I Filter

MHz

Filter Filter Filter

2 mw 2 mw 2 mw

Figure 7. ,vrModules I,Jas.A-].1500-].,_2; A-I1305-I; A-I1306-5

2.3 h MHz A_r&o].ifiers and Power Dividers
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Input C1
.._ II

2.3_MHz i,

+i8 v +18 v

t .
r.2 ._

c9 R7

:R4 R5 t_ ci0

To 2 more

amplifiers

cl3 

)t _ liiOutp_ut --2.3 MHz

--3 C14_

Figure 8. Simplified Schematic of the Power Dividers

i Multi---_plier

_r Mixer

Figure 9-

Filter_

Filter
Filter

Filter

Block Diagram of a Typical Multiplier or

Mixer Arrangement

(i)

Internal

Circuits

(2)

(3)

Output

(external

to the

MOFS )
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The filter suppresses all harmonics and spurious outputs to 50 db

below the signal level. As shown in the block diagram of Figure 9,

where there are internal and external circuits to be driven by the

multiplier, a separate buffer amplifier and filter is used in each.

The filters provide decoupling and isolation between the various

circuits being driven as well as elsewhere within the synthesizer.

1.3.2.4 Multipliers

All of the X2, X33 and X5 multipliers of the Main

Frequency Synthesizer and the Time Synthesizer are of the same basic

design. Figure l0 is a simplified electrical schematic of a typical unit.

R3

Figure i0.

A

1
Simplified Electrical Schematic of a Typical Multiplier

The multiplier makes use of a single transistor which is slightly

reverse biased when driven at the nominal signal level of 2 mw. Hence3

the operation of the multiplier can be described as class C. The out-

put coil is tapped at a point that provides a source impedance to the

wave filter equal to the characteristic impedance of the filter.

1.3.2.5 Mixers

Figure ll is a simplified electrical schematic of

a typical mixer. The mixer employs two transistors with the modulation

signal driving them in push-pull and the carrier signal applied
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simultaneously to both bases, providing a balanced mixer which suppresses

the carrier signal at the output. The input and output transformers are
broadly tuned.

Mod.

@
T1

jllI Carrier i
o q

R3

R2

A .

!
-6 v

+18 v

T2

Figure ii. A Simplified Electrical Schematic

of a Typical Mixer

1.3.2.6 Filter Amplifiers

A filter amplifier always follows a mixer and a

typical schematic of this circuit is shown in Figure 12. Filtering is

provided by the two-section filter following the output of the mixer.

A tuned3 grounded-emitter amplifier following the filter brings the

output up to the desired level. Other filter amplifiers consist of a

tuned grounded-emitter amplifier and doubled tuned capacitively-coupled

filters.
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C6 [ _ R4_ ]

-6 v +18 v

Figure 12. Representative Filter Amplifier

1.3.2.7 Regenerative Dividers

The regenerative frequency divider circuit used in

the Master Oscillator and Frequency Synthesizer utilizes semiconductor

diodes to achieve harmonic generation. The general configuration of the

regenerative divider is presented in Figure 13. Initially, the voltage

amplitude of the input signal at a frequency, fo' must be greater than

the threshold of diode CR2 and as long as the gain of the amplifier is

quite large, there wlll be enough amplification to excite the output

tank at its resonant frequency, fo/n.
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' I CR2

In Idling .L _,

Tank "

o

Figure 13 .

CR1

L1

I

Simplified Electrical Schematic of a

Typical Divider

Output

fo/n

At first there is no d-c component biasing diode

CR1 and if the amplification is sufficient to overcome the zero biased

threshold level some feedback will result, exciting the idling tank.

Once there is feedback, the circuit very quickly reaches steady state

wherein diode CR1 generates an (n + l) harmonic from the output which

appears across the idling tank. Diode CR2 mixes the idling frequency

voltage with the input to give mixing products. The desired mixing

product is the difference between the idling frequency and the input

frequency which is selectively amplified by the succeeding bandpass

amplifier.

Figure 14 illustrates the block diagram of a typical

regenerative divider circuit. Each output is fed to a buffer amplifier

and filter which provides isolation and decoupling between the output

Figure 14.

circuits.

In_ Divider Filter_r_IAmplifie

Filter I o

Filter I o

Filter I

Block Diagram of a Typical Divider

Arrangement
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1.3.2.8 Binary Dividers

The frequency dividers developed for the Master

Oscillator and Frequency Synthesizer are of the regenerative type

except the last divide-by-32 circuit (2.287 KHz to 71.47 Hz) which is

composed of five cascaded binary stages. The block diagram of the

divider chain is shown in the upper left corner of the overall block

diagram and is described functionally in Section 1.3.1.

The circuit layout of the binary divider is

shown in Figures 15 and 16. The binary stages are identical, each

being composed of saturated flip-flops utilizing diode steering gates.

The multiplier chain in Module All307 is a group

of multipliers and power splitters as described above. The X25 multi-

plier in Module All306 is also made up of similar circuitry. The

dividers and mixers in Modules All305, All306 and All307 are comprised

of circuits similar to those described in the paragraphs above.

2.287

KHz

Flop Flop Flop Flop Flop

No. 1 No. 2 No. 3 No. 4 No. 5

71.47
--------O

Hz

Figure 15. Block Diagram of the Cascaded

Binary Stages
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+18 v

R1 R7

C1 C2

Input -6 V

Output

Figure 16. Typical Schematic of Flip-Flop

1.3.2.9 Low Fre_uencyMixers

A single sideband technique is used in Module All401

to generate the 2.2156371 KHzand 2.3585815 KHz signals because of the

near proximity of spurious signals. The single sideband approach appre-

ciably eases the resultant filtering needs. Each of the buffer amplifiers

contain phase shifters to provide two outputs shifted plus and minus

45 degrees from each other. Each pair of outputs, separated by 90 degrees,

is used to drive two balanced modulators as shown in the block diagra_

of Figure 17.
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71.47
>

2.2871.__(Hz

+45°

.45°

I
Bal.

Mod.

Mod.

Sum

Diff.

2.3585
KHz

Figure 17. Block Diagram of a Low Frequency Mixer

Input

These balanced modulators are not of the standard type used in the

remainder of the unit but are diode modulators as shown in the

schematic diagram of Figure 18.

CR4 Cl9 - -

CR5
C20

T6

R37 ._

Outputs

Figure 18. Diode Balanced Modulator

The outputs of each of the balanced modulators contain the sum and

difference frequencies or sidebands with the two input signal frequencies

suppressed. The phase of the sidebands are such that when the two out-

puts are summed, one sideband is enhanced while the other is cancelled.

The carrier and unwanted sldeband are further reduced by the succeeding

filter amplifier which is of the three-stage bandpass type with a tuned

feedback path around each of the first two stages as shown in Figure 19.
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+18 V

+18 V

Input

R1 C1 c7 R16

-6 v

Output

Figure 19. Filter Amplifier

The mixers, filter amplifiers, and power dividers following the low

frequency mixers are of the conventional type described earlier.

1.3.2.10 Phase Shifters

The phase shifters in Module All304 are novel in

their circuitry design. The module contains four similar phase shifter

circuits tuned to four different frequencies each near 2.3 MHz. The

block diagram is shown in Figure 20. A continuously variable phase

shift is provided over 360 degrees by use of the rotary switch and the

control in the variable phase shifting network. The rotary switch
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shifts the phase in 90 degree steps over a range of 270 degrees and

the variable phase shifting network provides a vernier adjustment of

phase shift within each step position.

The input signal power required by Module All304

is 2 mw and the four frequencies are 2.342 MHz, 2.2688 MHz, 2.34082 MHz,

and 2.34089 MHz, respectively. The base of the input emitter follower

is shunted with 50 ohms to provide the correct load for the input

signal and the output of this stage drives a transformer and two R-C

phase shifting networks. The transformer and the R-C networks produce

two signals separated by 180 degrees and with approximately equal

amplitude. They are shifted in phase at 90 degree intervals. The

outputs of the fixed phase shifting network are connected to the rotary

switch and drive two emitter followers. The emitter followers provide

the high input impedance necessary to prevent loading of the fixed

phase shifters and also provide a low driving impedance for the variable

R-C network. The variable phase shifter consists of a 5000-ohmpotentiometer

and a lO0 _f capacitor. By varying the resistance of the 5000-ohm

potentiometer, the output signal can be shifted in phase over a range

greater than 90 degrees with only a small change in amplitude. The

amount of amplitude variation is a function of the load presented by the

following amplifier stage; therefore a large resistance is used in the

base of the first stage following the control. The last stage provides

the necessary gain and filtering to furnish an output of lO mw.

1.3.2.11 Phase Detector

The block diagram of the 20 KHz phase detector and

integrating d-c amplifier used in the synthesis of the lO0 KHz signal

is shown in Figure 21. The phase detector is of the balanced type where

there is diode conduction during each half cycle for both In-phase and

out-of-phase signals. Referring to the schematic in Figure 22, the two

inputs to the phase detector are amplified by Q-7 and Q-8 and the outputs

drive the diode detector circuit. The two voltages applied to the diodes
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TI

20 KHz

Reference

Input

R28_6

_ _R27

R25
Output
to DC

AmplifJ er

Figure 22. Phase Detector Schematic

Control

Voltage

O

YI

R1 C2

CI

I R2 :

+18_

R3

R5
c3 R6 C5

IIII ,,

LI

Ql

C6

R8

Output

Figure 23. VCO Schematic
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are approximately equal in amplitude and when the signals are in phase

a maximum negative output voltage is obtained due to the conduction of

CR-9 and CR-7. When the signals are 180 degrees out of phase, a maximum

positive output is obtained due to the conduction of CR-8 and CR-6.

The output voltage is zero when the inputs are 90 degrees out of phase.

1.3.2.12 IntesratingAmplifler

The integrating d-c amplifier consists of two

differential amplifiers and an emitter follower. The phase detector

output is coupled to the differential amplifier stage at the input of the

integrating d-c amplifier. The differential amplifier stages are used

to minimize output voltage drift and a common heat sink is used for

both differential amplifiers to keep the transistors as close to the

same temperature as possible, thereby reducing the deleterious effects

of varying transistor leakage currents as the ambient temperature changes.

The input differential amplifier circuit contains a balancing potentiometer

to adjust for balanced output at the collectors of the second differential

stage. The total gain of the d-c amplifier is approximately 800. An

R-C feedback circuit is used to obtain the integrating action and pro-

vides the necessary loop filtering.

1.3.2.13 VCO Sweep

The iOOKHz VCO is swept in frequency when the

loop is not locked to acquire. The frequency sweep is accon_lished by

generating a symmetrical sa_ooth waveformwith the integrating amplifier.

This is done by using the output of the integrating amplifier to trip a

bistable multivibrator which in turn is used to drive an input to the

integrating amplifier. This is shown in the block diagram in Figure 21.

When the output of the integrator reaches 5.5 volts, the multivibrator

is tripped through the biased diode and the input to the integrating

amplifier is reversed. The output goes down until it reaches 2.3 volts

where the multivibrator is tripped through the other biased diode and

the integrating amplifier starts up. This process will continue until

the loop is properly locked to the Master Oscillator.
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1.3.2.14 Voltage Controlled Oscillator

The 100KHz VCO is basically similar to the

Hartley oscillator circuit in that it obtains its positive feedback

by using the phase reversal of the tapped oscillator tank circuit.

The natural frequency of the oscillator is largely determined by the

hlgh Q, series resonant crystal in the feedback loop. Small changes

in frequency can be made by changing the capacity in series wlth the

crystal. The Varicap diode is placed in the feedback loop in series

with the crystal as is the 47 pf temperature compensating capacitor.

The d-c input from the integrating amplifier is applied across the

Varicap to control the oscillator frequency. (See Figure 23 for schematic.)

1.3.2.15 Frequency Determination Loops

The three VCO loops that appear on the right of

the master block diagram are comprised of standard mixersj multipliers,

and filter amplifiers. The phase detectors are similar to those des-

cribed above for the 100 KHz VCO loop. The oscillator is a feedback

type modified Pierce oscillator with the crystal operating in the

series resonant mode. The feedback loop is from collector to base.

The output is taken from a low impedance point in the loop to improve

frequency stability due to load variations. Circuit Q is maximized by

using the minimum drive that wlll sustain oscillation. The Co and Ci

of the transistor are swamped by the feedback loop capacity. Low

impedances in parallel with the base and collector of the transistor

tend to render any change in input or collector impedances negllglble3

thus reducing phase shift caused by the amplifier itself. The total

oscillator and buffer power dissipation is kept to a minimum (35 mw) to

minimize the oven power requirements, as this total circuit is packaged

within the oven. The supply voltage is regulated with a low temperature

coefficient reference diode.
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1.3.2.16 X_2 Local Oscillator Chain

The 66MHz signal from the VCO in Module All801

is multiplied up to 2214.826MHz by the circuitry in Module All900.

The 66 MHz signal is first multiplied by 2 in an active doubler, then

amplified in a power amplifier whose output is impressed upon two

cascaded passive quadruplers. Figure 24 is a schematic of the doubler

and power amplifier. The doubler circuit utilizes a 2N918 transistor

with an emitter bias resistor to provide emitter-to-base reverse bias

varying as a function of input signal level. The value of the bias

resistor was chosen to provide optimum conduction angle for doubling at

an input level of lOmw. The interstage coupling between the doubler

and power amplifier consists of a double-tuned circuit with capacitive

mutual coupling. The input impedance of the 2N2219 power amplifier,

750 ohms, is obtained at the collector of the doubler by the interstage

transformer and coupling capacitor. The coupling capacitor is variable

and provides a method for adjusting the power output level. The 50 ohm

load impedance is transformed up to approximately 300 ohms at the

collector to provide maximum power output.

Good source impedance stability for the UHF

varactor quadrupler is insured by the lO0-ohmresistor across the output

of the preceding amplifier. The output signal level of the varactor

multipliers would drop excessively at the lower temperature limit if it

were not for the thermistor compensation network employed in the transistor

doubler. The latter's output is power supply voltage limited, however,

at low temperatures the d-c collector voltage is increased as the re-

sistance of the thermistor is decreased. Hence, the output of the

multiplier increases with decreasing temperature to compensate for the

fall-off in the following multipliers.
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1.3.?.17 Varactor Quadrupler

The power amplifier drives two varactor quad-

ruplers to obtain the desired output frequency. (A typical quadrupler

schematic is shown in Figure 25.) The varactor harmonic quadrupler is

a combination of three resonant circuits coupled together through a

common impedance which is the varactor diode itself. Ordinarily the

varactor impedance is small compared to the reactances in any of the

resonant loops, thereby creating a division of current. One loop,

resonant with the diode at the fundamental frequency, is coupled to

the input. Another loop, containing L2 and C3, is resonant with the

diode at the second harmonic frequency. The second harmonic is the

idler frequency necessary to achieve maximum efficiency by allowing

second harmonic currents to flow. The third loop is resonant with the

diode at the fourth harmonic and is coupled to the output. The fre-

quency range for the above multiplier is such that lumped constant components

were most suitable for its construction. The second multiplier is

identical in principle and circuit concept, but a stripline configuration

is used rather than lumped constants. The stripline technique facilitates

the construction of resonant circuits at higher frequencies where dis-

tributed elements are substituted for lumped constant components. The

efficiency is somewhat reduced in comparison to coaxial transmission

line by the loss tangent of the dielectric materials involved. The

varactor diode was selected based upon conversion efficiency over the

operational frequency range and power level.

Input

_+20 dbm

132 MHz

O

L1

- C2

L2

c3 C5

Output

+16.5 dbm

528 MHz

O

Figure 25. Quadrupler Schematic
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An interdigital bandpass filter is used following

the multipliers to prevent undesired harmonics at the local oscillator

chain output. It has the following characteristics:

Interdigital Bandpass Filter

Center frequency - 2115 MHz

VSWR - less than 1.5 to 1 from 2058 MHz to 2172 MHz

Nominal impedance - 50 ohms

Passband insertion loss at 2115 _z - 1.5 db maximum

3 db relative bandwidth - 2051.5 MHz to 2178.5 MHz

Stop band attenuation - 25 db minimum at 2020 MHz

- 25 db minimum at 2210 MHz

The output of the bandpass filter is fed into a three port junction

circulator, the third port of which is terminated in a matched load.

The remaining ports are the input and output terminals. The resulting

performance is that of a ferrite isolator, where the input signal is

allowed to pass through the device with little attenuation and any re-

flections resulting'from external sources are absorbed in the third

port termination. The characteristics are as follows.

Insertion loss (db) 0.4

Isolation db 33.5

1.3.2.18 Power Supplies

The three power supplies are sealed units manu-

factured by Technipower. They are regulated supplies with ample capacity

to provide current for the associated circuitry.
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1.3.3 Power Distribution

The power input to the MOFS is provided at ll5 V AC,

60 cps at a nominal current of 0.65 amperes. It is converted to

three DC voltages, -6 V, +18 V and +24 V, by three Technlpower

power supplies. The -6 V DC and +18 V DC are used in all modules

to operate the circuitry and the +24 V DC is used only in the Master

Oscillator oven thermal control circuitry. Line filtering has been

provided in each module to eliminate any cross coupling between modules

through the common power supply impedance. Also, each stage is de-

coupled from the power supply wlthln the modules itself.

The nominal current drain by module, is given in the

following table.

Table 1. Tabulation of Module Currents

Module Currents at Indicated Voltage Levels (ma)

Module -6 V +18 V +24 V

All200 ...... Approx.

All300 i0 8 .--

All301 9 18 --

All302 22 22 --

Al13o3 12 32 --,

AI1304 56 54

All305 21 35 --
Al1306 37 42 ---

AI1307 66 86 ---

All400 35 79 ---

All401 25 43 ---

AllSO0 34 51 ---

AIISOI 16 19

Al1502 33 37 ---

Al1503 26 29
All600 ll 12 ---

All601 39 38 -

All7OO 14 14
All701 3_ 33 ---
All800 12 12 ---
All801 40 _0 ---

AIIgO0 58

7o
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i. 3.4 Temperature Control

The MOFS must dissipate 14 watts of power within the

circuitry which constitutes a small amount of energy to be dissipated

in a unit of its mass. Convection and natural conduction should be

sufficient to cool the unit provided that there are no high heat pro-

ducing units mounted in the same rack below the MOFS. Most any

standard rack ventilation blower is adequate to maintain the MOFS in

a safe thermal operating range if the room or aircraft ambient is

Comfortable for the equipment operators.

1.4 Special Tools and Test Equipment

The following items or equivalent are required to perform mlnor

alignment of the Master Oscillator and Frequency Synthesizer in the field.

Alignment Cover Plates

(Cover plates with holes located over the variable components

to be used during alignment.)

Non-metallic alignment tools (2 each)

Differential Voltmeter, BoontonModel 98A

VOM, Triplett Model 630-A or equivalent

RF Voltmeter, Hewlett-Packard410B

Signal Generator, HP606A (2 each)

Electronic Counter, HP524A

Freq. Converter Unit HP525A

Field Intensity Meter, Empire Devices, NFI05

Tuning Unit, Empire Devices, T-A/NI05

Tuning Unit, Empire Devices, T-1/Nl05

1.5 Maintenance

1.5.1 Maintenance Precautions

To minimize maintenance the circuitry in the MOFS has been

designed to accommodate the greatest possible latitude in component

variation while still operating properly.
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Outside of the normal precautions taken when servicing

RF and AF transistor circuitry, such as loading unused outputs to

prevent erroneous measurements, no special precautions need be taken

in maintaining the MOFS. No high voltages or high powers are present

in the equipment.

1.5.2 Ali6nment Procedures

All of the frequency selective circuits are synchronously

tuned. Before tuning, the cover plate over the r-f side of the module

is removed and replaced by the special alignment cover plate. The

tuning slug for the variable inductors are adjusted from the d-c or

under side of the modules. The cores are locked in place with a nylon

locking screw accessible from the top or r-f side of the module. The

locking process takes place simultaneously with the tuning procedure.

After tuning the module, the alignment plate is removed and the original

cover plate is installed prior to inserting the module into the main

chassis. The alignment procedures pertinent to the indicated modules

are outlined below. The Jack numbers called out in the tuning pro-

cedures below are those whlchare on the individual module under

discussion.

Master Oscillator

A. Module All200

There is one control on theMaster Oscillator, the fine fre-

quency setting adjustment, which is the external capacitor mounted below

the oscillator on the chassis. To adjust, connect the oscillator to

the AllSO0 Module in its normal operating configuration and connect a

very accurate counter to monitor the output or compare the oscillator

output to a secondary frequency standard. Adjust the oscillator fre-

quency to 2.342000 MHz. CAUTION - NO NOT ATTEMPT TO ADJUST UNLESS A

SUITABLY ACCURATE REFERENCE IS AVAILABLE.

B. Module All300

Divide-b_-8. The idler tank is tuned to 512.3125 KHz. To

tune the idlerj supply this frequency to J1 and tune L1 for a maximum
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signal across L2 in Section 4 of the module. Apply a 585.5 KHz signal

to J1 and tune L3 for maximumresponse at 73.1875 KHzat the base of
@2also in Section 4. The amplifier in Section 4 and the filters in

Section 3 have fixed componentsand cannot be tuned. An 8 to 1

Llssajous figure can be observed on an oscilloscope with the input

585.5 KHz signal on the horizontal input and the 73.1815 KHzoutput

signal present at J6 on the vertical input. Slight adjustments on

L1 and L3 should be madeto maximize the allowable frequency variation

of the input at J1 on either side of 585.5 KHzbefore the 8:1 division
factor is lost.

The divlde-by-4 amplifier and filters are fixed tuned and

cannot be adjusted.

C. Module All301

Divide-by-4. The idler tank, consisting of C1 and L1, is

tuned to the difference frequency of the input and output -- 1.7575 MHz

in this case. This is accomplished by inserting a 1.757MHz signal in

Jll and tuning L1 for maximumvoltage across L6. With a 2.342 MHzinput,

L2 is tuned for a maximumoutput measuredat the base of Q2. A 4 to 1

Llssajous figure can be observed on an oscilloscope with the 2.342 MHz
input signal on the horizontal input and the module output, JV, JS, J9

or JlO on the vertical input. Slight adjustments of L1 and L2 should be

madeto allow the frequency of the input to be varied an equal amount on

either slde of 2.342 MHzbefore the 4:1 division factor Is lost.

Power Divider, Section 2. If the dlvlde-by-4 circuitry in

Module All301 is operating properly, each of the three filters in this

section have a 585.5 KHz input signal. The inductors are tuned for a

peak output from each filter. The outputs of the filters must be loaded

wlth a 50 ohm termination during any tuning adjustment. Each output is

2 milllwatts when properly tuned.

Power Divider, Section 3" Same as Power Divider, Section 2.
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D. Module AI1302

All tuned circuits in this module have fixed componentsand

cannot be tuned. The variable capacitors in Sections S and 4 are used

to balance out crystal holder capacity and are factory adjustments. Do
not attempt to adjust these.

E. Module Al1303

Power Divider. Apply a 2.342 MHz signal to the J5 input in

Section 5. Tune the filters for a maxlmum 2.342 MHz signal at each of

the outputs of the power divider. Outputs can be measured at J6, Rll in

Section l, R2 in Section 2, and R2 in Section 3. Tuning adjustments are

found in Sections 5, 2, and 3, respectively.

2.2688 MHz Mixer. Apply a 73.18 KHz signal to J8 in Section 5.

Tune C10 in Section l, L5 in Section 5, and C13 in Section 4 for a

maximum at the 2.2688 MHz output, J3. This completes the tuning of this

mixer.

2._4089 MHz Mixer. Apply a 72.079 KHz signal to JlO and tune

C9, L2, and C13 in Section 2 for a maxlmum signal across R1 in Section 1.

2.54082 MHz Mixer. Apply a signal at 72.008 KHz to J1 and tune

C9, L2 and C13 in Section 3 for maxlmumresponse across R1 in Section 4.

Add a 73.18 KHz signal to J4 and tune C3, L1 and C9 for maximum output

at J2.

F. Module All305

Amplifier - Power Dividers. Apply 2.342 MHz to J3 in Section 1.

Tune the input, C2, and each of the filters for a maximum at the three

outputs of the power divider, J1, J2, and across C1 in Section 3.

Divide-by-5. See Module All301 for a tuning procedure. The

idler tank, L1 and C2 in Section 3, is tuned to 1.8736 MHz and the

output is tuned to 468.4 KHz. The amplifier and filter are synchronously

tuned for a peak power at the base of Q1 in Section 4.
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X-3 Multiplier. In Section 4, the first stage and filter,

T1, L23 and L3, are tuned for a peak at the collector of Q2. The

three outputs are tuned to peak the signals at J4, JS, and C1 in

Section 5 by T4, TS, and T6, respectively.

Divide-by-2. See Module All301 for tuning procedure. The

idler tank, L1 and C2 in Section 5, is tuned to 702.6 KHz as is the

output. The amplifier and the filter are tuned for a peak signal at

the output terminal of T2. Assuming the above circuits are properly

tuned, a 4.684 MHz signal is applied to J6. LI, L2, and L3 in Section 2

are tuned for a peak output at J7.

G. Module All306

2.342 MHz Power Divider. Insert a 2.342 MHz signal into J4

in Section 5. Tune C2 for a peak signal at the collector of Q1. Tune

each of the output filters for a maximum output. Each output must be

loaded with 50 ohms or the input to the succeeding module.

X-25 Multiplier. With a 2.342 MHz signal at the input, J4 or

JS, T1 is tuned for a peak of the ll.71 MHz at the base of Q2 in

Section 2. L1, L2, and L3 are also tuned for a maximum at ll.71 MHz

at the base of Q2. T2 and T3 are tuned for a peak 58.5 MHz signal at

the output of T3 or the base of Q1 in Section 1. The 58.55 MHz amplifier

and power divider in Section i are synchronously tuned. The amplifiers

and filters should be tuned for a peak output at each of the three

outputs, J6, JT, and J8.

19.4_86 MHz Mixer. With a 14.052 MHz signal at J12 and a

5.386 MHz signal at J14, tune for response at 19.4386 MHz outputs,

J13 and J15. Terminate J15 with a jumper to J9 which is its normal

termination and measure the signal with a Tee adaptor in the Jumper cable.

20.8438 MHz Mixer. Apply a 19.4386 MHz signal to J9 and a

1.4052 MHz signal to JlO. Peak all inductors for a maximum output at

20.8438 MHz at Jll.
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H. Module Al1307

X-2 Multiplier and Power Divider. Supply a 2.342 MHz signal

to JlO. The multiplier in Section 1 near the connector is tuned for

a maximum 4.684 MHz output at T2 by adjusting T2. Each of the three

amplifiers and filters in Section 5 are tuned for maximum response at

their respective outputs, J6, J7, JS, and the base of Q1 in Section 3.

The input to the X-3 multiplier, -T1, in Section 3 should also be tuned

for a maximum signal at the base of Q1.

X-3 Multiplier and Power Divider. The input is supplied from

the X-2 multiplier so a 2.342 MHz signal must be supplied to JlO. The

output of the multiplier is tuned by adjusting T2 for a peak signal at

the output of T3. The filter inductors, L1, L2, and L3, are tuned for

a peak 14.052 MHz output signal at T3. The two amplifiers and their

associated filters are tuned for maximum output at J3, J4, JS, and the

output of T6.

The input to the X-5 multiplier, T5 in Section 2, should also

be tuned at this time. To do this, a Jumper is placed from J5 to J12

and T5 is tuned for a maximum signal at the base of Q4.

12.646 MHz Mixer. In addition to the 2.342 MHz signal on

JlO, insert a 1.4052 MHz signal on J2. Tune the mixer in Section 4

with C5 and C6 for a maximum signal on the base of Q3. Tune the filter

and amplifier T3, T4, T5, and T6, for a maximum at J1.

The trap composed of T7 and C19 is tuned for minimum second

harmonic content at J1 using a field intensity meter as a monitoring

instrument.

X-5 Multiplier. A 14.052 MHz signal is applied to J12, pre-

ferably from J5. The input to the multiplier must be tuned -- see the

procedure for the X-3 multiplier above. The X-5 multiplier, Q4 in

Section 2, is tuned by T6 for a maximum 70.26 MHz signal at the base

of Q3 or at Jll. The filters, L4, L3, and T4 and the amplifier tank, T3,

are each tuned for a peak output at Jll.
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The power divider stages, Q1 and Q2, are tuned for maxlmum

outputs at the base of Q.l in Section 1 and at Jll.

X-2 Multiplier. If the rest of the module is tuned and

operating properly, a 14.052 MHz signal will be present at the input

to the X-2 multiplier, Q1 in Section 1. The multiplier tank inductor,

L1, and the filter inductors, L2, L3, L_, are tuned for a maximum

output at J9.

I. Module All400

There are no variable components in this module. The tuned

circuits have been tuned by component selection and should require no

further tuning.

J. Module All401

Low FrequencY Mixer. Apply a 71.47 Hz signal input to J1.

With phase meter, measure the phase of the signals appearing across

R20 and R21 in Section 1 and adjust RlO to obtain a 90-degree phase

relationship. Adjust R12 for equal signal amplitudes across R20 and

R21. Remove the 71.47 Hz input and connect a 2.287 KHz input to J2.

Measure phase of the two signals across R20 and R21 and adjust R32 for

a 90-degree phase relationship.

Balanced Modulators. Measure the 2.287 KHz signal across R40

in Section 4 with the wave analyzer and adjust R38 for a null. Measure

the 2.287 KHz signal across R36 with the wave analyzer and adjust R34

for a null. Readjust RlO, R12, R32, R34, and R38 as necessary to mini-

mize all unwanted signals in the two outputs, J3 and J4.

K. Module AllSO0

Power Dividers. Connect JlO and Jll to the Master Oscillator

or apply a 2.342 MHz signal to J10. Terminate all the outputs with 50 ohms.

Monitor all outputs with an r-f voltmeter and tune the variable capacitors

in parallel with the transformers and coils in Sections 1 and 2 for
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maximum outputs at Jl, J3, J_, JS, J6, JT, and across R1 in Section 3-

Adjust each of the variable coupling capacitors in the filters for

the correct power output and repeat the tuning adjustment for maximum

output. (NOTE: Transformers T4 and T5 in Section 1 are slug tuned

and are to be tuned only for maximum output. )

X-5 Multiplier. Apply a 200 KHz signal to JiB in Section 4.

Tune T23 L1, L2, LS, T3, and T4 for a maximum i MHz signal at the output

of T4 or the base of Q1 in Section 5. Tune L4 for a minimum of 2 MHz

signal at the output of T4.

X-2 Multiplier. With 200 KHz at J13, the input to the X-5

multlplier3 a 1 MHz signal should be present at the input to the X-2

multiplier, the base of Q1 in Section 5. Tune C4, C8, and L1 for a

maximum 2 MHz signal at the input to T1 in Section S.

L. Module AllSOl

X- 3 Multiplier. Provide a 100 KHz signal to the input of the

X-3 multiplier, J1. Tune L2 in Section 2 for a maximum 300 KHz signal

at the output of the filter, the junction of Cll and the wire to T1 in

Section 1. All other circuits in this module are fixed tuned.

M. Module Al1502

DC Amplifier Balance. Short the input to the d-c amplifier by

shorting the junction of R24 and R25 to ground. Adjust the potentiometer

for equal voltages at the collectors of Q3 and Q4. This should give a

d-c output voltage at J2, with no load, of approximately 4 volts.

N. Module AllSO3

i00 KHz VC0. Supply a d-c voltage of 4.0 volts to J1.

L2 for a peak lO0 KHz output at J2.

Tune

O. Module All600

10.44 MHz Mixer. Provide a 58.55 MHz signal to J2 and tune Cl

in Section 4 for peak signal at the bases of Ql and Q2. Add a 68.99 MHz
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signal to J1 and tune C4, C83 and L1 for a peak 10.44 MHz signal

at the input to T1 in Section 1.

X-4 MultiPlier. Apply a 2.342 MHz signal to J4. Tune C3,

C9, and L1 for a peak 9.368 MHz signal across R1 in Section 1.

1.0795 MHz Mixer. If the 10.44 MHz mixer and the X-4 multi-

plier are properly tuned and have the correct inputs, the proper

signals should be present at the input to the 1.0795 MHz mixer. Tune

C5 and L1 in Section 1 for a peak 1.0795 MHz output at J7.

494 KHz Mixer. Jumper the 1.0795 MHz signal from J7 to J3

and apply a 585.5 KHz signal to JS. In Section 3, tune C4 and L1 for

a peak signal at J6.

P. Module All601

X-6 Multiplier. Supply a 73.18 KHz signal to JS. Tune C3,

C9, and L1 in Section 2 for a maxlmum440 KHz signal across R1 in

Section 3.

54.89 KHz Mixer. One input is derived from the X-6 multiplier

and the second is a 494 KHz signal applied to J4. Tune L1 in Section 3

for a peak 54.89 KHz output at the base of Q2 in Section 4.

X-_ Multiplier. Supply an 18.297 KHz signal to J3 and tune

L1 in Section 1 for a peak 5_.9 KHz signal at the base of Q1 in Section 4.

Phase Detector. If the circuits described above are operating

properly and have the correct inputs, two signals will be present at

the inputs to the phase detector.

The potentiometer Ell is adjusted to give equal amplitude

signals across the secondaries of T1 and T3.

Voltage Controlled Oscillator. Adjust R3 for -3 volts, then

ground the arm of R3 with a clip lead. Apply approximately +1.75 volts

to the phase detector output. Adjust the frequency of VCO (with a

counter monitoring the base of Q2) to 68.997516 MIIz by varying C2.
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Remove counter leads from the base of Q2. Install power meter on the

lO mw output jacks and peak ClO, C13, C15. Vary order of tuning and

repeat. Monitor frequency with a counter. C2 may have to be readjusted.

Adjust the level of the 2 mw output, J1, with C9 and set the level of

the lO mw output, J2, with RI0. Balance the two outputs with the two

controls until the proper outputs are reached. Repeat until all

adjustments are optimally set. Remove the jumper on R3 arm and the

external voltage from phase detector output.

Q. Module Ali700

Tuning procedure for all VCO's is the same. The tuning of this

module is very similar to the tuning of Module All600. Use the pro-

cedure for the All600 as a guide.

Ro

Module.

Module All701

The tuning of this module is similar to that of the All601

Use the tuning procedure for the All601 Module as a guide.

SQ

Module.

Module All800

The tuning of this module is similar to that of the All600

Use the tuning procedure for the All600 Module as a guide.

To

Module.

Module All801

The tuning of this module is similar to that of the All601

Use the tuning procedure for the All601 Module as a guide.

U. Module AllgO0

Doubler. Supply a 66.088 MHz signal to J4. Tune C2, C6 and

C12 in Bay A for a peak 132.176 MHz signal at the base of Q2.

Power Amplifier. With the doubler operating properly, a

132.176 MHz signal should be present at the input to the power

amplifier, transistor Q2. Tune C16 and C19 for a peak signal at the

output of L7 with a 50 ohm load in lleu of the following quadrupler.
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Adjust the output level to +20 dbm with C17 and retune C16 and C19

for optimum output. Retune C2, C6, C12, C16 and C19 for a maximum

output at L7.

First Quadrupler. With the doubler and power amplifier

operating properly a 132.176 MHz signal at a level of approximately

+20 dbm should be available at the input to the first quadrupler in

Bay B. Adjust C1, C2, C3, C4 and C5 for maximum signal at 528.8 MHz

at the output connector.

Second Quadrupler. The 528.8 MHz signal out of the first

quadrupler is used to drive the second quadrupler. Adjust A, B, and

C, Figure 26, in sequence for maxlmum 2115 MHz signal at J1.

Figure 26.

f
J I H

® ® ®
E F G

All9OOTunlng Adjustments

J

D is the diode post, do not remove. Adjustments E, F, G, H, I and J

are tuning screws in a double stub tuner. These are used to optimize

the output power, flatten the output power versus temperature curve

and minimize spurious outputs. CAVfION - THE All900 MODULE IS FACTORY

ADJUSTED AND SHOULD BE TUNED ONLY IF ABSOLDTELYNECESSARY SUCH AS WHEN

REPLACING COMPONENTS. BEFORE ATTEMPTING TUNING, BE SURE THAT THE INPUT

FROM THE All801 MODULE IS 66.088 MHz AT A POWER LEVEL OF APPROXIMATELY

lO MILLIWATTS.
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i.6 Drawings

The block diagram of Figure 3 in Section l.S.l in conjunction

with the module assembly drawings and the electrical schematic

drawings given in this section provide the information needed in

locating subassemblies, or components as required for the maintenance

or repair of the equipment.

The module number of a given electronic function is determined

from the block diagram. The functional block that this represents

can then be located on the module assembly drawing. The block diagram

appearing on the module assembly drawing designates through the use of

hyphenated numbers which compartment in the module the functional block

is located. The electrical schematic drawings which also contain the

component subassemblies is keyed through the aforementioned hyphenated

numbers.

1.6.1 Circuit Schematics

The circuit schematics (SK-11200 through SK-11900) enable

a technician to isolate any malfunctlon in a module down to the particular

circuit. Each schematic provides a circuit diagram and a detailed circuit

layout of each subassembly. Also provided is a parts tabulation used

for identification, requisitioning and storage of parts.

The description column provldes a breakdown of the sub-

assembly into its component parts. Where appropriate, the description

column also includes parts description data, i.e., size, tolerance,

type of material, etc. It should be noted that a Q or $ designation

indicates the part value for the first or second unit, respectively.

The "MFG" column includes the vendor's name. The reference designation

figures key the parts breakdown to the applicable illustration. The

manufacturer's part number column includes vendor code number for an
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individual component. Quantities specified in the "NO REQD" column are

the total number of each part required per subassembly.

1.6.2 Module Assembly

The module assembly drawings (All200 through All900) provide

useful maintenance information giving a breakdown of the equipment into

its assemblies. Jack numbers appearing on these drawings are those

referenced in Maintenance 3 Section 1.5.

The following engineering drawings were prepared during the

development phase of the Master Oscillator and Frequency Sy_Ithesizer.

They are ordered as follows for easy reference:

a) Miscellaneous hardware fixtures

b) Module assembly drawings

c) Layouts and schematics for each module.
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Drawing
Number

All001

All002

All010

All011

All012

All015

All016

All017

All018

All019

All020

AII025

AIi028

AII029

All031

Alll00

All300

All301

AI1302

Al1303

Ai1304

AI1305

All306

AI1307

All400

All401

AIIS00

All501

Al1502

AI1503

MOFS Engineering Drawing List A ii000

Drawing Title

Block Diagram -- Master Oscillator Frequency Synthesizer

Master Osco and Freqo Syno Final Assyo

Module 3 Frequency Synthesizer

Cover 3 Module -- Frequency Synthesizer

Panel Detail -- Master Oscillator and Frequency Synthesizer

(Engraving)

Bracket, Power Supply Mtg.

Bracket, Master 0sc. Mtg.

Clamp_ Power Supply Bracing

Clamp3 Oven Bracing

Strip, Compartment Divider - 1

Strip, Power Supply Clamping

Module, Lower Section

Top Cover -- Module -- Frequency Synthesizer X32 Multiplier

Bottom CoverModule -- Frequency Synthesizer X32 Multiplier

Housing, Capacitor Mtg.

Module Assy -- A20 Variable Attenuator

Module Assy -- A6

Module Assy -- A7

Module Assy -- A8

Module Assy -- A9

Module Assy -- AlO

Module Assy -- A3

Module Assy -- A5

Module Assy -- A4

Module Assy

Module Assy

Module Assy -- A1

Module Assy -- A13

Module Assy -- A12

Module Assy -- A2
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MOFS Engineering Drawin_ List (Cont'd)

Drawing

Number Drawing Title

All600

All601

All700

All701

AII800

All801

AIIgO0

All201

All300-1

AI1300-2

Al1300-3

AI1300-4

AI1300-5

All301-1

Ai1301-2

AI1301-3

Ai1301-4

and -5

All302 -i

AI1302 -2

AI1302-3

Al1302-4

Al1302-5

Ai1303-1

Ai1303-2

AI1303-3

AI1303-4

AI1303-5

AI1304-I00

AI1304-I

and -3

AI1304-2

and -4

Module Assy -- A19 Freq. Determination No. I-A

Module Assy -- A18

Module Assy -- A17 Freq. Determination No. 2-A

Module Assy -- A16

Module Assy -- A15 Freq. Determination No. 3-A

Module Assy -- A14

X32 Multiplier Assy

Master Oscillator

n/4 Divider 73.1875 KHZ - 18.297 KHZ

Filter 18.297 KHZ

Filters 73.1875 KHZ and 18.297 KHZ

n/8 Divider 585.5 KHZ - 73.1875 KHZ

Filter 18.297 KHZ

Frequency Divider (n/4) 2.342 MHZ - 585.5 KHZ

Filter 585.5 KHZ

Filter 585.5 KHZ and 73.1875 KHZ

73.187 KHZ Power Divider

73.187 KHZ Power Divider

Filter, 73.187 KHZ

Mixer

Mixer

Mixer

2.34089 MC Mixer

2. 414079 MC Mixer

2. 414008 MC Mixer

2.34082 MC Mixer

2.342 MC Power Divider

Shield, Transformer (T50-2)

Phase Shifter (1 - 2.2688 MC) (3 - 2.34089 MC)

Phase Shifter (2 - 2.34082 MC) ( 4 - 2.34200 MC)
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MOFS Engineering Drawing List

Drawing
Number

(Cont' d)

Drawing Title

Ai1305-I

AI1305-2

Ai1305-3

AI1305-4

AI1305-5

Ai1306-i

AI1306-2

AI1306-3

Al1306-4

AI1306-5

AI1306-400

AI1305-400

AI1307-I

Al1307-2

Al1307-3

Al1307-4

Al1307-5

AI1307-200

Al1307-300

All400-1

A!I400 -2

AII400 -3

AI1400-4

All400 -5

All400 -6

All401-1

Ai1401-2

Ai1401-3

Al1401-4

AI1401-5

and -6

Amp. and Power Divider 2.34 MC

Mixer, 3.684 MC, 0.702 MC, 5.386 MC

Freq. Divider 2.342 MC - 468.4 KC

X3 Multiplier, 1.4 MC out

Frequency Divider, 1.405 MC - 702.6 KC

58.5 MC Power Divider

X25 Multiplier, 58.5 MC

Mixer, 20.8438 MHZ

Mixer, 19.438 MHZ

2.34 MC Power Divider

R.F. Shield

X2 Multiplier 140 MHZ

X5 Multiplier 70.26 MC

X3 Multiplier 14 MC

Mixer

Power Divider

R. F. Shield

R. F. Shield

Divider

Divider

Divider

Divider

Divider

Divider

Low Frequency Mixer

Divide by 2 and Filter Amp.

Low Frequency Mixer

2.216 KC in - i.i08 KC out

2.358 KC in - 1.179 KC out

Filter Amp. 2.216 KC and 2.318 KC
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MOFS En_ineerin_ Drawin_ List (Cont'd)

Drawing

Number

AllS00-1

AllS00-2

Al1500-3

AI1500-4

AI1500-5

All501-1

AI1501-2

AI1501-3

AI1501-4

AI1502-I

Al1502-2

AI1502-3

Al1502-4

_z5o2-5

_15o3-i

AI1503-2

AIl503-3

AI1503-4

Al1503-5

All600-1

All600-2

Ai1600-3

Al1600-4

All601-1

Ai1601-2

AI1601-3

AI1601-4

Al1601-5

All700-1

AI1700-2

Drawin_ Title

2.342 MHZ Power Divider

2.342 MHZ Power Divider

Mixer 34.2 KHZ

x 5 Mul. 1 MHZ

Driver Amp. x2 1MHZ to 2 MHZ

Mixer,KHZ ,

x 3 Mul. 300 KHZ

x2 Multiplier

Sweep Circuit

x2 Mul. 40 KHZ

x 2 Mul. 20 KHZ

x 5 Mul. l0 KHZ

Mixer 2 KHZ

20 KC Phase Detector and D.C. Amplifier

Divide by 5 20 KC Divider

Filter Amp.

Amplifier

Amplifier

VC0 and Amplifier

Mixer, 1.0795 MHZ

x 4 Mul.

Mixer, .494 MHZ

Mixer, 10.44MHZ

x 3 Mulo, 54.9 KHZ

x 6 Mul., 440 KHZ

Mixer 3 54.89 KHZ

54 KC _ Detector

68.997515 MC VC0

Mixer3 •29275 MHZ

x 5 MUl., ll.7 MHZ
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MOFS En_ineerin_ Drawin_ List (Cont'd)

Drawing

Number

Al1700-2

AI1700-3

Al1700-4

All701-1

AI1701-2

Al1701-3

AI1701-4

All800-1

All800-2

AI1800-3

AI1800-4

Al1800-5

All801-1

Ai1801-2

AI1801-3

Ai1801-4

All900-1

AIlg02-A

Drawin6 Title

x 5 Mul., 11.7 MHZ

Mixer, •8785 MHZ

Mixer, 12.588 MHZ

x 3 Mul., 220 KHZ

Mixer# 73.1875 KHZ

73 KC Phase Detector

71.138250 MC VC0

x 2 Mnl., 4.686 MHZ

Mixer, 2.854 MHZ

Mixer, 7.53 MHZ

Mixer 3 .5123 MHZ

2.342 MHZ Power Amplifier

Module Compartment

x 6 Mul., 440 KHZ

73 KC Phase Detector

66.088312 MC VC0

x2/Power Amp./x4_ 66 MHZ - 528.8 MHZ

Ferrite Isolator
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Drawing Number A-IIO01 is Figure 3, page i0,

of the text.
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